The relation between three recent experiments aimed at demonstrating a strictly geometric phase using pure projections is clarified in the light of a recent claim to such a measurement. The possibility of observing ±2π phase jumps in an optical interference experiment is pointed out.
Introduction
Recently, Hariharan et.al. [1] have reported an experiment (HRSS Expt.) in which they extend the work of Berry and Klein [2] (BK Expt.) to measure a pure geometric phase arising from state projections, as formulated by Pancharatnam [3] . These experiments are claimed [1] to be intrinsically free from all sources of dynamical phase.
In this paper I show that (i) there are difficulties in regarding the HRSS Expt. as a measurement of a pure geometric phase since it is not intrinsically free from dynamical phase as claimed, (ii) an experiment earlier reported in literature [4] (the IWBS Expt.) did measure a pure geometric phase arising from state projections. In addition to measuring a linearly increasing geometric phase, it measured in detail the nonlinear behaviour and jump of the geometric phase through ±π near a singularity and explicitly verified the existence of the singularity associated with the geometric phase, (iii) the BK Expt. and the HRSS Expt. contain similar singularities which could be seen if the techniques used and the available sensitivities allowed a more complete sampling of the parameter spaces in these experiments and (iv) in the HRSS expt. one could, in principle, see phase jumps equal to ±2π, a somewhat surprising result.
Historical remarks
Following Berry's discovery of the adiabatic phase [5] , there was a widespread revival of interest in Pancharatnam's work on polarization of light [6] , in particular, in the form of experimental demonstrations of the geometric phase by interferometry, the first one being an experiment by Bhandari and Samuel [7] .
This was followed by a number of experiments by other groups [8, 9, 10, 11, 12] .
A common feature of all these experiments was that these involved circuits on the Poincaré sphere consisting of geodesic curves, caused by unitary transformations. For a unitary transformation which takes the state along a geodesic, the dynamical phase is zero [13] , as in case of circuits caused by projections, considered by Pancharatnam [3] . The geodesic nature of the circuits is ensured in these experiments by appropriate choice of the polarization elements like retarders and their orientation. Departures from a geodesic circuit would arise in these experiments only from errors in the retardation and orientations.
The other common feature of these experiments was that these measured a geometric phase increasing linearly as a function of an experimental parameter, typically rotation angle of an optical element. A more recent measurement of such a linear phase using neutron interferometry has been reported by Wagh et.al. [14] .
Hariharan and Roy reported a new version of the above experiments in which they use a Sagnac interferometer configuration [15] . Since the two interfering beams in this experiment travel the same physical path in space, all U(1) phase errors (errors in the polarization-independent part of the phase) are eliminated in this experiment. However since the beams still encounter a beam splitter and mirrors this experiment is not free from SU(2) phase errors caused by unknown polarization changes brought about by these optical elements. Moreover this experiment does not measure fringe shifts. It measures the modulation of intensity of the superposed beams as a function of orientation of a halfwave plate which is interpreted as a linearly increasing difference of the geometric phase shifts acquired by the clockwise and the counterclockwise beams.
Following this, the present author reported an experiment [4] these experiments is equal to ±π. Such jumps were first predicted in ref. [18] and their relevance to the phase evolution of quantum symstems pointed out in refs. [18, 19] .
Another independent observation of the nonlinearity of the Pancharatnam phase was reported by Schmitzer et. al. [20] . This experiment, however, does not detect the switch in the sign of the phase and the singularity.
The HRSS Experiment
In this experiment [1] , the authors use a Sagnac interferometer configuration Such an interpretation of the observed intensity curve has several problems.
First of all it is not equivalent to measurement of a phase shift as a function of φ. This would be so if for example a spatial shift of interference fringes on a screen were measured directly. Alternatively, phase shifts could be measured by heterodyne interferometry where these could be looked upon as fringe shifts in the time domain. Secondly, it is not true that the beams do not undergo any SU(2) transformation during the passage through the interferometer. Every reflection from a mirror or a beam splitter introduces an SU(2) transformation on the polarization state of the beam. For reflection off an ideal metal mirror, this could be taken to be equivalent to that due to a halfwave plate [21] . In practice the reflections are not ideal. Beam splitters in particular are notorious for introducing undesirable polarization changes. As the linear analyzer LA is rotated, a variable polarization is incident on the beam splitter and an SU (2) transformation varying with φ would be introduced. The evolution due to pure projections is therefore accompanied by SU(2) evolution. This introduces a dyamical phase error which is a function of the orientation of the polarizer, hence significant. Since fringe shifts are not measured, the phase errors due to these effects cannot be easily estimated. [23, 24] . While all the singularities observed so far have strength ±1 yielding a total phase change around a circuit equal to ±2π, the singularity in the HRSS expt. has strength ±2 and would be interesting to observe.
Note added :
One of the referees has expressed the view (probably based on the conclusions of ref. [25] ) that the principle of the IWBS experiment is the same as 
